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L E O P O L  D C E N T E  R FOR SUSTAINABLE AGRICULTURE 
Evaluation of tillage and crop rotation effects on 
groundwater quality—Nashua project 
Background 
Sampling shows that agricultural chemicals 
are occurring increasingly in ground- and sur­
face water in Iowa. The same trend has been 
reported throughout the United States; one 
study reported finding 73 pesticides in the 
groundwater of 34 states. Even pesticides 
known to be adsorbed to soil particles (and 
thus relatively immobile) have been found in a 
few sampled wells in trace concentrations. 
Nitrate-nitrogen (NO3-N) is the most common 
agricultural chemical found in groundwater. 
Nitrogen fertilizers and pesticides applied to 
the soil surface prior to and immediately fol­
lowing crop planting are particularly suscep­
tible to surface runoff or leaching to ground­
water through the soil profile. 
Although the mechanisms for these chemical 
losses are becoming better understood, farm 
operators need information that will allow 
them to select a system or combination of farm 
systems (including tillage, crop rotations, and 
chemical management) to minimize the move­
ment of soil-applied chemicals into Iowa's 
water sources. Although research data are 
now available that compare tilled to no-till 
conditions for a few of the more common crop 
rotations (continuous corn, corn-soybean) at 
conventional rates of chemical use, farm op­
erators employ a broad range of tillage types, 
crop rotation practices, and chemical applica­
tion methods. Because of the potential for loss 
via leaching, farmers need more research into 
management practices (particularly tillage 
practices and chemical application techniques) 
that can produce profitable yields while mini­
mizing environmental contamination. 
Tillage practices directly affect the soil-water 
properties of the subsurface soil and thus the 
leaching characteristics. Tillage disturbs 
macropores (cracks and worm- and rootholes), 
whereas no-tillage systems allow macropores 
to develop and persist. These macropores are 
likely conduits for leaching of chemicals to 
shallow groundwater. Conservation tillage 
systems often reduce surface water contami­
nation by pesticides by reducing soil erosion 
and water runoff. However, some speculate 
than conservation tillage systems may increase 
groundwater contamination because they in­
crease infiltration. Although a variety of re­
search has been done on various aspects of 
chemical leaching and runoff, little has been 
done to study the effects of tillage and crop­
ping systems on pesticide leaching. Even less 
data are available on nitrogen leaching to Iowa's 
shallow groundwater under various legume 
crops and manure applications. Therefore, 
this project addresses the need for field data on 
chemical leaching with different combinations 
of tillage, cropping systems, chemical man­
agement, and manure application. The gen­
eral goal was to evaluate regional groundwater 
quality problems using tile water quality data. 
Specific project objectives were 
(1)	 to study effects of tillage and crop rotation 
on leaching of pesticides and nitrate into 
the shallow and deeper groundwater, 
(2)	 to quantify the loss of pesticides and ni­
trate to subsurface drainage (tile flow) and 
to underground aquifers with deep perco­
lation, and 
(3) to characterize relationships between the 
chemical concentrations of subsurface 
drain flow and those in the local bedrock 
aquifer system. 
Approach and methods 
Iowa State University's Northeast Research 
Center at Nashua was the site for this study. 
The silty-clay loam soil typical of the site has 
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seasonally high water tables that benefit from 
subsurface drainage. Thirty-six one-acre, ex­
perimental plots at Nashua have fully docu­
mented tillage and cropping records for the 
past 14 years. Tile drainage was installed in 
1979 in these 36 plots at a four-foot depth and 
95 feet apart. Each one-acre plot has one tile 
line passing through the middle of the plot and 
one tile line at each of the two borders; the 
latter ideally pick up any cross-contamination 
from the surrounding plots. Up to ten one-acre 
plots make up each row; plot rows are sepa­
rated by an uncultivated area 30 feet wide. As 
a result, the tile line installed in the middle of 
each plot (which is intercepted for monitoring) 
drains about half an acre and is free from cross-
contamination from all four sides. 
In December 1988, the middle tile lines of all 
the plots were intercepted and connected to 
individual sumps for measuring subsurface 
drainage and collecting water samples for 
chemical analyses. Each tile sump was 
equipped so that dataloggers could record tile 
flow data on a continuous basis, allowing 
investigators to accurately measure over time 
the loss of chemicals with drainage water from 
the half-acre plots. 
Piezometers installed in 1988 and 1990 moni­
tored groundwater quality at depths of 6,8,10, 
15, 25, 35, and 65 feet. Water samples from 
these piezometers were tested for nitrate, pes­
ticide (metabolite), and other major elements. 
To address concern that some degradation 
products (metabolites) formed from pesticides 
are more persistent and mobile than their par­
ent compounds, investigators analyzed water 
samples taken periodically from all piezom­
eters; these data helped to determine the fate of 
chemicals in the larger groundwater flow sys­
tem as well as the quantity and quality of 
groundwater recharge to the bedrock aquifer. 
Four H-flumes, installed in 1992, collected 
surface runoff samples for water quality analy­
ses and estimated soil loss from the tillage plots. 
Tillage treatments included moldboard plot, 
chisel plow, ridge-tillage, and no-tillage. Crop 
rotation treatments included continuous corn 
and corn-soybean. Investigators replicated 
crop rotations and tillage plots three times. For 
the past 14 years, continuous corn had re­
ceived 200 kilograms (kg) N (nitrogen)/hect-
are (approx. 180 lb/acre); the corn-soybean 
rotation received 168 kg N/ha in the corn year 
and none in the soybean year. Continuous 
corn received alachlor (Lasso) at 2.2 kg/ha 
plus atrazine at 2.8 kg/ha and Counter (terbufos) 
for rootworm control. Corn in the corn-soy-
bean rotation received alachlor plus Bladex 
(cyanazine) at 2.8 kg/ha and no insecticide. 
Soybean plots received alachlor at 2.2 kg/ha 
plus metribuzin at 0.45 kg/ha. 
Tile water was sampled for NO3-N three times 
weekly when tile lines were flowing. To test 
for pesticides, investigators took composite 
tile water samples weekly and following every 
rainfall greaterthan 2.5 centimeters (one inch) 
within 60 days of pesticide application. Dur­
ing the remainder of the year, tile water was 
sampled weekly when tile lines were flowing. 
Any unusual rain storm was sampled for both 
N03-N and pesticide. Data from tile water 
samples taken after major rains in 1990, 1991 
and 1992 assisted investigators in understand­
ing the concepts of preferential flow. Drain­
age water samples were analyzed for alachlor, 
atrazine, cyanazine, metribuzin, and nitrate at 
the National Soil Tilth Laboratory or at the 
University of Iowa Hygienics Laboratory. 
Investigators collected soil samples before 
planting, about 30 days after N fertilization, at 
the end of August or September when crops 
were mature, and around October 30 after 
harvest. Any effects of the subsurface drain­
age line and the plot edges were minimized by 
collecting 180-cm (about 70- in.) soil cores 
from the center 25% of each plot; the center 
row overlying the tile line was avoided. Cores 
were frozen promptly after collection and then 
sectioned and combined into sets for each plot. 
These samples were later analyzed for NO3-N 
and herbicide residues; soil water content was 
also measured. For each crop rotation and 
sampling time, investigators tested the soil 
water and NO3-N content for the four tillages 
to identify any significant differences; this 
was also done for the herbicides. 
Alachlor, atrazine, and metribuzin were mea­
sured, but their metabolic products were not 
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quantified. The half life of each herbicide (the 
time required to lose half its effect on the 
environment) was calculated on the basis of a 
degradation model. Finally, crop yield data 
collected at the site from 1990 to 1992 helped 
to compare how the four tillage systems and 
two crop rotations under a conventional man­
agement system affected water quality. 
Findings 
During each of the three years, adequate rain­
fall allowed for collection of approximately 
2,000 tile-flow water samples that were ana­
lyzed for NO3-N and 800 for pesticides. 
No-tillage resulted in the highest subsurface 
drain peak flows for most of the rainstorms 
under continuous corn production; no-till plots 
also resulted in significantly higher tile flows 
compared to moldboard plow plots. On aver­
age, larger subsurface drain flows were ob­
served under continuous corn than under the 
soybean-corn rotation, indicating that prefer­
ential flow paths differ under different tillage 
and crop rotation practices. Larger peak flows 
under no-tillage may result because macropores 
are not destroyed or disturbed. In short, tillage 
and crop rotations definitely affect the volume 
of subsurface drain flow, although differences 
in subsurface drain outflows for different till­
age types on corn-soybean or soybean-corn 
rotations were not large. 
NO3-N concentrations in tile drainage water 
were significantly higher under moldboard 
plow plots in comparison with the other three 
tillage systems for both crop rotation prac­
tices. Although NO3-N concentrations in the 
tile drainage water were much greater under 
moldboard plowing than under no-tillage, to­
tal N03-N losses through tile drainage water 
were much greater under no-tillage and chisel 
plow systems because more water moved 
through the soil profile. NO3-N concentra­
tions in tile water of no-tillage plots were 
lowest, indicating that soil NO3-N was by­
passed by the water moving through 
macropores. 
In addition, from event to event, the NO3-N 
concentrations in tile water under moldboard 
plowing were greater than under no-tillage; in 
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fact, NO3-N concentrations in tile flow ex­
ceeded 10 milligrams/liter, the U.S. Environ­
mental Protection Agency standard for drink­
ing water, in nearly all the samples for each 
tillage system and crop rotation. The three-
year average NO3-N concentrations in the drain 
water were significantly higher under continu­
ous corn than under the corn-soybean rotation 
for all tillages, and the three-year average 
concentrations in drain water from moldboard 
plow plots were significantly higher compared 
with no-till and ridge-till plots under continu­
ous corn production. 
The fact that 1990 was a very wet year follow­
ing two relatively dry years should be recog­
nized when interpreting findings on herbicide 
leaching to groundwater (see Fig. 1). Atrazine 
concentrations in tile water from no-till plots 
seemed higher in comparison with other till­
age systems. Although atrazine losses with 
subsurface drainage water were greater than 
losses of alachlor, metribuzin, and cyanazine, 
tillage method or crop rotation had little effect 
Fig. 1. Herbicide degradation in the 0- to 100-cm soil layer based 
on data from all sampling times in 1990 and 1991. 
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on herbicide content in the soil. Less than 1 % 
of the herbicide applied was lost with subsur­
face drainage water each year. On average, 
larger losses of cyanazine, metribuzin, and 
alachlor were observed under ridge-till and 
no-tillage under soybean-corn rotation, and 
no-till and ridge -till systems resulted in greater 
losses of atrazine under continuous corn be­
cause of preferential movement through 
macropores. Apparently, leaching potential 
of chemicals to shallow groundwater depends 
not only on tillage systems and crop rotations 
but also on chemical properties of herbicides, 
such as solubility, persistence, degradation, 
adsorption, uptake, mineralization, denitrifi­
cation, and volatilization. The experimental 
half life for atrazine ranged from 53 to 78 days, 
which is close to the published half lives of 60 
to 73 days. The half life for alachlor ranged 
from 30 to 42 days, which is much longer than 
the published half life of 10 to 25 days. 
These findings support the hypothesis that 
processes occurring in or on the surface soil 
layer during the growing season were prima­
rily responsible for reducing the amount of 
herbicides in the soil. Once the herbicides 
migrated below about 10 cm, they were rela­
tively persistent. This study suggests that 
under similar soil and crop climatic condi­
tions, minimizing the amount of herbicides 
applied to cropland is the only reliable way to 
reduce widespread ground- and surface-wa-
ter contamination by these chemicals. 
Investigators combined tile drainage and crop 
uptake information from this site with soil 
NO3-N data to estimate the minimum amount 
of nitrification needed to maintain the quanti­
ties of NO3-N observed in the soil. The effects 
of tillage systems on soil NO3-N were not as 
great as those of crop rotation and correspond­
ing N fertilization rate. Because the investiga­
tors had hypothesized that the tillage and crop­
ping system would significantly affect N accu­
mulation by corn at this research site, they 
randomly sampled corn plants for total N up­
take. Results indicated that growing continu­
ous corn resulted in lower aerial biomass, N 
accumulation, grain yield, and estimated N 
removed than growing corn in rotation with 
soybeans. 
Implications 
This study found that continuous-corn pro­
duction with these soil and climatic conditions 
was less desirable than corn-soybean rota­
tion, both economically and environmentally. 
Significantly higher NO -N leaching losses to 
shallow groundwater were observed under 
continuous corn in comparison with a corn-
soybean rotation. 
Further research using minimum practical rates 
of N fertilizer, including soil test-based N 
application rates, is needed to better character­
ize the long-term effects of crop rotation and 
tillage on soil NO3-N content. The NO3-N 
leaching potential during the fallow and grow­
ing seasons should be measured. Finally, 
investigation on the effects of tillage systems 
and crop rotations on mineralization, nitrifica­
tion, immobilization, and denitrification is 
needed to improve the accuracy of a mass 
balance of cropland N. Fertilizer N applica­
tion rates should compensate for the amount of 
NO3-N in the soil profile as well as meet crop 
N needs so that NO3-N leaching potential is 
minimized throughout the year. 
Future research should also concentrate on 
approaches to decrease or eliminate the herbi­
cide leaching losses to water sources, perhaps 
through banding, lower application rates, and 
the use of newly emerging herbicides. These 
chemical management practices must be dem­
onstrated on farms as a function of current 
tillage and crop rotation practices to prove that 
these systems can be both profitable and envi­
ronmentally feasible for Iowa. 
This project represented a cooperative effort 
among engineers and scientists from the ISU 
Agriculture Experiment Station and Coopera­
tive Extension System as well as the National 
Soil Tilth Laboratory. An ongoing Manage­
ment Systems Evaluation Areas project pro­
vided support for the chemical analysis. In 
addition, some 20 seminars, tours, conference 
presentations, review team visits, and field 
days conveyed findings from the work to a 
wide variety of scientists, farmers, and 
policymakers. Investigators also generated a 
number of scientific publications. 
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